Summary Citrus fruits have several potential benefits for maintaining our health. In this study, we investigated the anti-obesity effects of immature Citrus tumida hort. ex Tanaka (C. tumida) peels using an acute obesity mice model. C57BL/6J male mice were divided into 2 groups; HFD-LL subjected to a high fat diet (HFD) and constant light exposure (LL), and HFDC-LL subjected to a HFD containing immature peel powder of C. tumida (5% w/w) and LL. Dietary ingestion of immature C. tumida peels significantly suppressed body weight gain following decreased epidydimal, perirenal, and subcutaneous fat weights. Blood levels of triglyceride and total cholesterol in the HFDC-LL were significantly lower than those in the HFD-LL group; however, there was no significant difference in food or calorie intake between the 2 groups. These results suggested that immature C. tumida peels have a beneficial effect on the prevention of obesity and metabolic syndrome via its biochemical activities of lipid metabolism.
Recently, more than 600 million adults have been known to suffer from obesity, and there are about 2310 9 overweight people worldwide (http://www.who. int/mediacentre/factsheets/fs311/en/). Furthermore, cardiovascular disease, malignant neoplasm, diabetes, stroke, and depression are current major world health problems (1) . These health problems are related to the increased consumption of energy-dense foods such as high fat diets, that will be a global issue in the next generation (http://www.who.int/mediacentre/factsheets/ fs311/en/). Feasible prevention and treatment strategies for obesity and obesity-induced health problems are essential for humans to maintain their quality of life and reduce world health expenditure.
A common strategy for reducing obesity is energy restriction combined with adequate exercise, and this strategy has been shown consistently to reduce obesity in large, randomized, controlled studies (2) . Anti-obesity drugs can be divided into 5 categories: central appetite suppressants, digestion and absorption blockers, metabolic promoters, obesity gene product inhibitors, and other drugs for the treatment of obesity (3) . However, weight loss due to conventional anti-obesity drugs has some side effects, such as drug dependence and insomnia (4) . Therefore, authors of recent studies have focused on the anti-obesity effect of foods with fewer side effects (5) .
Appropriate animal models of obesity are necessary to evaluate the anti-obesity effect of food. Various obese models, such as mice subjected to a high fat diet (HFD) and genetic mutation, have been developed so far (6); however, developing these models can be time-consuming (7) . Recently, researchers revealed that nighttime light exposure increases body weight and fat following short-term increased food intake (8) . Furthermore, light exposure at night changes the insulin secretion patterns and promotes obesity (9). The obesity model created by light exposure at night reflects the health problems of night workers (10, 11).
Citrus is a popular fruit with various health benefits (12). Citrus depressa Hayata extract prevents obesity caused by HFD (13). Recently, we have taken an interest in Citrus tumida hort. ex Tanaka (C. tumida), which is a local citrus found around Mt. Tsukuba in Ibaraki Prefecture, Japan (14). However, the potential health benefits of C. tumida have not been investigated yet. In this study, we focused on the anti-obese activity of immature C. tumida peels because these peels highly contain citrus flavonoids, such as nobiletin. Therefore, we evaluated the anti-obese functions of this peel using an acute obesity mice model subjected to HFD under constant light exposure.
METHODS
Experimental animal and protocols. All procedures of animal experiments were reviewed and approved by the guidelines of the Animal Care and Use Committee of Ibaraki University (Ibaraki, Japan), which conformed to the Ministry of Education, Culture, Sports, Science and Technology, Japan (Notification, No. 71).
Male C57BL/6JJmsSlc (B6) mice (7 wk of age) were purchased from Japan SLC, Inc. (Shizuoka, Japan), and housed individually in an ambient temperature of 2361˚C with water and food ad libitum. After the acclimation period (1 wk) following purchase, all mice were housed under 12-h light: 12-h dark (LD) conditions and fed with a semi-purified diet powder (7% fat, 17.9% protein, 60.6% carbohydrate) (AIN-93G, Oriental Yeast Co., Ltd., Tokyo, Japan). The 15 mice were then divided into 2 body weight-matched groups in each experiment. Seven mice were fed with HFD powder (62.2% fat, 18.2% protein, 19.6% carbohydrate) (HFD-60, Oriental Yeast), while the other 8 mice were fed with HFD-601immature C. tumida 5% (w/w) peel powder (HFDC). Experiments were conducted for 4 wk under the 24-h light (LL) conditions. Body weight, food intake, and water intake were measured daily. At the end of the experiments, the mice fasted for 3 h before blood samples were collected in tubes via their carotid arteries. Serum was separated from the blood by centrifugation at 1,000 3g for 15 min at 4˚C. After blood collection, the mice were sacrificed by cervical dislocation and liver and adipose tissues, such as epidydimal, perirenal, and subcutaneous fat, were dissected. These tissues were weighed. Serum was quickly frozen by liquid nitrogen and stored at 280˚C until analysis.
Preparation of immature C. tumida peel powder. Immature C. tumida was harvested at an orchard in the eastern foothills of Mt. Tsukuba, Ibaraki Prefecture, Japan, in October 2014. Peels containing both outer orange and inner white layers were manually collected and freeze-dried with a freeze-dryer (FDU-1110, Tokyo Rikakikai, Tokyo, Japan). The dried peels were powdered with a centrifugal mill (ZM-1, Retsch Technology GmbH, Haan, Germany). Peel powder was stored at room temperature (23-26˚C) until use. The nutritional components of immature C. tumida peel powder were analyzed by the Japan Food Research Laboratories (Tokyo, Japan). The immature C. tumida peel (100 g) contains calorie (275 kcal), moisture (2.9 g), protein (7.4 g), fat (2.7 g), ash (4.9 g), carbohydrate (82.1 g), sugar (28.4 g), dietary fiber (53.7 g), galacturonic acid (12.2 g), and sodium (4.3 mg).
Serum biochemical assay. Concentrations of serum components, including total protein (TP), albumin (ALB), triglyceride (TG), total cholesterol (T-CHO), high density lipoprotein-cholesterol (HDL-C), glucose (GLU), aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), g-glutamyltransferase (g-GTP), total bilirubin (T-BIL), blood urea nitrogen (BUN), creatinine (CRE), sodium (Na), potassium (K), chlorine (Cl), calcium (Ca) and inorganic phosphorus (IP) were determined using the Hitachi 7180 auto analyzer (Hitachi, Tokyo, Japan) in the Nagahama Life Science Laboratory (Shiga, Japan). TP and ALB were analyzed by the Biuret and bromocresol green (BCG) methods, respectively. BUN, CRE, IP, T-CHO, TG, T-BIL, and GLU were analyzed by the enzymatic method. Na, K, and Cl were analyzed by the electrode method. AST, ALT, LDH, and g-GTP were analyzed by the Japan Society of Clinical Chemistry (JSCC) transferable method. Ca and HDL-C were analyzed by the o-cresolphthalein complexone (OCPC) and accelerator selective detergent methods, respectively. Statistical analysis. Statistical testing for body weight gain, food intake, and water intake were performed using two-way (repeated measure) analysis of variance (ANOVA) for the effects on food, time, and their interaction. Serum components and adipose weight were determined using Student's t-test. Data were analyzed with Excel Toukei 2006 for Windows (Social Survey Research Information Co. Ltd., Tokyo, Japan). The threshold of statistical significance was set to p,0.05. The trend for statistical significance was set to p,0.1.
RESULTS

Body weight gain, food intake, water intake, and total calorie intake
According to the two-way repeated measures ANOVA, a significant effect of C. tumida on body weight gain was observed for 4 wk in the feeding period (F 1,364511.38, p,0.01). The average body weight gain in peel-fed mice (HFDC-LL) was lower than that of mice subjected to HFD-LL (Fig. 1A) . However, there was no significant difference in the food intake between the 2 groups for these 4 wk (F1,35150.35, p.0.1; Fig. 1B) . 
Body weight, liver and body fat weights
The body weight of HFDC-LL mice was significantly lower than that of HFD-LL mice (30.361.1 g vs. 27 .260.6 g, p,0.01). There was no significant difference in the liver weight (% body weight) between the HFD-LL and HFDC-LL groups (3.0560.06% vs. 3.3460.21%, respectively, p.0.1). The body fat weights of HFDC-LL mice were significantly lower than those of HFD-LL mice. The epidydimal, perirenal, and subcutaneous fat weights (% body weight) were higher in the HFD-LL group (3.2260.57%, 1.4760.30%, and 0.5960.09%, respectively) compared to the HFDC-LL group (1.7560.30%, p,0.05; 0.6160.16%, p,0.05; and 0.2960.05%, p,0.01, respectively).
Biochemical assays for serum components
We measured 18 serum components as shown in Table 1 . The TP, T-CHO, and TG concentrations in serum of HFDC-LL mice were significantly decreased compared to those of HFD-LL mice (TP: p,0.01; T-CHO: p,0.01; TG: p,0.05). The HDL-C, GLU, BUN, and IP concentrations in serum of HFDC-LL mice were slightly reduced compared to those of HFD-LL mice (HDL-C: p50.09; GLU: p50.09; BUN: p50.06; IP: p50.09).
DISCUSSION
In this study, we found an anti-obesity effect in the peel of immature C. tumida using a mouse model of acute obesity. The HFDC-LL mice showed significantly suppressed body weight gain and body fat compared to HFD-LL mice (Fig. 1A) . However, there were no significant differences in total food and calorie intakes between HFDC-LL and HFD-LL mice. Previously, it has been reported that dietary intake of grapefruit (Citrus paradisi) (15), Citrus unshiu (16), Citrus bergamia (17), Cit- 8 mg) , narirutin (13.2 mg), and sinensetin (2.8 mg) were contained in 100 g of fresh peel of immature C. tumida (21). They also claimed that the peel of immature C. tumida contains more hesperidin, nobiletin, and tangeretin than the peel of Citrus unshiu (21). Several citrus flavonoids showed significant anti-obesity effects: reduced plasma lipid concentration, body fat, and body weight (22) .
Hesperidin is one of the most popular flavonoids contained in various citrus fruits (23). Previous researchers described how hesperidin inhibits liver cholesterol synthesis, 3-hydroxy-3-methylglutaryl-coenzyme A, and acyl-CoA cholesterol acyltransferase (24, 25) . Furthermore, C. tumida contains polymethoxylated flavones, such as nobiletin and tangeretin (26) . It was suggested that nobiletin induces the activation of HIB1B cells, a brown adipocyte cell line derived from a mouse brown fat tumor and mitochondrial biogenesis of 3T3-L1 white adipocytes (27) . In addition, chronic nobiletin suppressed body fat and plasma TG in an obese mice model by suppressing PPARg, fatty acid synthase, and sterol regulatory element-binding protein-1c in the liver (28) . To summarize, nobiletin promotes energy metabolism and inhibits fatty acid synthesis. Furthermore, tangeretin improves insulin resistance by suppressing the expression of obesity-induced inflammatory cytokines in the coculture of 3T3-L1 adipocytes and RAW 264.7 cells (29) . Constant light exposure increased short-term body fat accumulation because of changed feeding timing, pattern of insulin secretion, and circadian rhythm (8, 9) . Interestingly, previous researchers reported that nobiletin regulates circadian rhythm and suppresses body fat accumulation and weight gain (30, 31) . Therefore, these flavonoids in the peel of immature C. tumida may be involved in suppressing body weight and fat in this acutely obese mouse model.
Citrus peel contains high levels of dietary fibers showing anti-obese effects (32) . Actually, the consumption of a 10% pectin diet significantly suppressed body fats and weights in mice (33) . However, 2.5% inulin and 10% inulin feeding were unable to control rat weight (34) . In addition, according to Isken et al., mice fed soluble fiber showed an increase in body weight (35) . The peel of immature C. tumida powder (100 g) contains total dietary fiber (53.7 g) and galacturonic acid (12.2 g). Therefore, HFDC mice were fed approximately 2.7% of dietary fiber from the immature C. tumida peel powder, which might impact body weight and fat accumulation.
HFDC-LL mice showed lower TP levels in the blood compared to HFD-LL mice (Table 1 ). However, the ALB level in the blood did not change. We need to revalidate the TP and ALB in the blood.
In conclusion, we discovered the anti-obesity effect of immature C. tumida peel using a mouse model of acute obesity subjected to HFD under a constant light environment. In the future, a comprehensive analysis, such as metabolome and transcriptome, should be conducted to elucidate the molecular mechanism of the anti-obese action of C. tumida and identify critical components of the peel that contribute to this action. 
